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1.0 EXECUTIVE SUMMARY 
 

1.1 Abstract 
 

A broad study on solid propellant ingredients, space-survivable materials, and hybrid 

organic-inorganic polymers has been conducted at the Air Force Research Laboratory’s (AFRL) 

Propulsion Directorate at Edwards Air Force Base, California, during the years 1986-2004.  This 

work was carried out primarily with basic research (6.1) funding.  Early work on multifunctional 

isocyanate solid propellant curatives and strained-ring energetic hydrocarbons was quickly 

replaced by work on hybrid organic-inorganic structural materials; specifically, polyhedral 

oligomeric silsesquioxane (POSS) compounds.  The POSS work represents the vast majority of 

the effort performed under this study. 

      The overall goal of the POSS work was to improve the thermal and oxidative resistance of 

traditional organic polymers, while retaining their low expense, ease of processing, and 

toughness.  The initial efforts on POSS involved the synthesis of POSS monomers, with a 

concurrent effort to develop understanding the fundamental physical properties of these 

materials.  In the late 1990s, monomer development gave way to incorporation of POSS 

monomers in polymer systems.  Structure/property studies of POSS variants in numerous organic 

polymers, and related polymer physics work, became the focus of in-house fundamental research 

after the year 2000.  Applied research transitions included POSS-containing solid rocket motor 

insulation, POSS-lubricants, combustion-resistant POSS polymer blends, and space-survivable 

polymers.  Numerous technology transfers resulted from this work, including POSS-based dental 

adhesives, improved plastic food packaging, and fire-retardant plastics.  Several in-house 

researchers left the government in 1998 to start Hybrid Plastics Inc., which has commercialized 

POSS monomers and POSS polymer materials.
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1.2  Summary and Recommendations 

     The Polymer Working Group at Edwards AFB has been a pioneer in developing the area of 

hybrid organic-inorganic composites, and is a world leader in POSS technology research.  A 

tremendous amount of fundamental scientific information about how to make POSS monomers 

and polymers, as well as the physical properties of those materials, has been learned under this 

work effort.  The Hybrid Plastics spin-off has been very successful; the company is still 

expanding operations and income seven years after its formation.  Research interest in POSS 

polymers has exploded.  In 1993, there was only one group in the world doing research on this 

topic (the Edwards group); in 2004, there were over 20 research groups in the US and 15 others 

worldwide working in this area.    

     New work to develop fluorine-containing POSS compounds is currently underway, with 

promising results.  POSS-polyimides have shown tremendous potential to become highly 

survivable replacements for current state-of-the-art polymers used in space applications.  It is 

clear that focused research on POSS nanocomposites will continue well into the future, and full 

understanding of the ability of nanocomposites to solve a wide range of materials problems will 

not be realized for a long time to come.



 3

REFERENCES 

 
 
 

JOURNAL ARTICLES 
 
Shockey, E.G.; Bolf, A.G.; Jones, P.F.; Schwab, J.J.; Chaffee, K.P.; Haddad, T.S.; Lichtenhan, 
J.D., “Functionalized Polyhedral Oligosilsesquioxane (POSS) Macromers: New Graftable POSS-
Hydride, POSS-Alpha Olefin, POSS-Epoxy”, Applied Organometallic Chemistry, 1997, 13, 311-
327, ADA397977. 
 
Haddad, T.S.; Mather, P.T.; Jeon, H.G.; Romo-Uribe, A.; Farris, A.R.; Lichtenhan, J.C., 
“Thermoplastics Modified With Nanoscale Inorganic Macromers”, Materials Research Society 
Proceedings 1998 519, 381-386, ADA409391. 
 
Haddad, T.; Lichtenhan, J.; Mather, P.; Jeon, H.G.; Romo-Uribe, A., “Mechanical Relaxation 
And Microstructure Of Poly(Norbornyl-POSS) Copolymers”, Macromolecules 1999, 32, 1194-
1203, ADA409490. 
 
Gonzalez, R.I.; Phillips, S. H.; Hoflund, G.B., “In-Situ Oxygen-Atom Erosion Study of A 
Polyhedral Oligomeric Silsesquioxane (POSS)-Siloxane Copolymer Using A Novel Type”, 
Journal Of Spacecraft And Rockets 2000, 37, 463-467, ADA409463. 
 
Haddad, T.; Viers, B.; Phillips, S., “Polyhedral Oligomeric Silsesquioxanes (POSS) Styrene 
Macromers”, Journal of Inorganic and Organometallic Polymers, 2001, 11, 155-164, 
ADA410398 . 
 
Haddad, T.S.; Baker, Erin S.; Gidden, Jennifer; Anderson, Stanley E.; Bowers, Michael T., “Gas 
Phase Structural Characterization Of Polyhedral Oligomeric Silsesquioxanes (POSS) With Styryl 
Phenyl Capping Agents”, Nano Letters 2004, 4, 779-785, ADA422679. 
 
Phillips, S.H.; Haddad, T. S.; Tomczak, S.J., “Developments in Nanoscience: Polyhedral 
Oligomeric Silsesquioxane (POSS)-Polymers”, Current Opinions In Solid State And Material 
Science, 2004, 8, Pages 21-29, ADA422636. 
 
Kopesky, E.T.; Haddad, T.S.; Cohen, R.E.; Mckinley, G.H., “Thermonechanical Properties of 
Poly (Methl Methacrylates) Containing Tethered and Untethered Polyhedral Oligomeric 
Silsesquioxanes”, Macromolecules 2004, 37, 8992-9004, ADA424340. 
 
 
 
 
 
 
 



 4

CONFERENCE PROCEEDINGS 
 
Lichtenhan, J.D.; Haddad, T.S.; Schwab, J.J.; Carr, M.J.; Chaffee, K.P.; Mather, P.T., “The Next 
Generation Of Silicon-Based Plastics: Polyhedral Oligomeric Silsesquioxane (POSS) 
Nanocomposites”, American Chemical Society Meeting, U.S.A., 1997, ADA397997. 
 
Haddad, T.S.; Stapleton, R.; Jeon, H.G.; Mather, P.T.; Lichtenhan, J.D.; Phillips, S., 
“Nanostructured Hybrid Organic/Inorganic Materials, Silsesquioxane Modified Plastics”, 
American Chemical Society National Meeting, U.S.A, 1998, ADA409298. 
 
Haddad, T.S.; Oviatt, H.W.; Schwab, J.J; Mather, P.T.; Chaffee, K.V.; Lichtenhan, J.D., 
“Polydimethylsiloxanes Modified With Polyhedral Oligomeric Silsesquioxanes: From Viscous 
Oils To Thermoplastics”, ACS National Conference, U.S.A, 1998, ADA397983. 
 
Haddad, T.S.; Lee, A.; Mather, P.T.; Phillips, S., “Thermosets Modified With Hybrid 
Inorganic/Organic Polyhedra”, American Chemical Society, U.S.A, 1999, ADA409478. 
 
Blanski, R.L.; Phillips, S.H.; Chaffee, K.; Lichtenhan, J.; Lee, A.; Ping, H., “The Preparation 
And Properties Of Organic/Inorganic Hybrid Materials By Blending POSS Into Organic 
Polymers”, American Chemical Society Meeting, U.S.A, 1999, ADA409476 . 
 
Phillips, S.H.; Gonzalez, R.I.; Chaffee, K.P.; Haddad, T.S.; Hoflund, G.B.; Hsiao, B.S.; Fu, B.X., 
“Remarkable Ao Resistance Of POSS Inorganic/Organic Polymers”, SAMPE 2000 Conference, 
2000, ADA397900. 
 
Blanski, R.L., Phillips, S.H, Chaffee, K.; Lichtenhan, J.; Lee, A. & Geng, H.P., “The Synthesis 
of Hybrid Materials by the Blending Of Polyhedral Oligosilsesquioxanes into Organic 
Polymers”, Materials Research Society Meeting, 2000, ADA409240. 
 
Phillips, S.H., Blanksi, R.L., Svejda, S.A, Et. Al., “New Insight Into The Structure-Property 
Relationships Of Hybrid (Inorganic/Organic) POSS Thermoplastics”, Materials Research 
Society Meeting, U.S.A, 2000, ADA409531. 
 
Haddad, T.S.; Mather, P & Chun, S.; Jeon, H.; Phillips, S.H., “Hybrid Inorganic/Organic 
Diblock Copolymers. Nanostructure in Polyhedral Oligomeric Silsesquioxane Polynorbornenes”, 
Materials Research Society Symposia Proceedings, U.S.A, 2000, ADA409526 
 
Blanski, R.L.; Phillips, S.H.; Lee, A., “Preparation and Properties of Polyhedral 
Oligosilsesquioxanes/Polymer Blends”, American Chemical Society Meeting, U.S.A, 2000, 
ADA409312. 
 
Haddad, T.S.; Moore, B.; Phillips, S.H., “Synthesis and Characterization of A New (Tetrasilanol) 
Cyclosiloxane”, American Chemical Society Conference, U.S.A, 2001, ADA410685. 
 
Haddad, T.S.; Lee, A.; Phillips, S.H., “Polydimethylsiloxanes Modified With Inorganic 
Polyhedra”, American Chemical Society Conference, U.S.A, 2001, ADA410326. 



 5

 
Viers, B.D; Esker, A.; Farmer, K., “Polyhedral Oligomeric Silsesquioxanes Surfactants”, 
American Chemical Society Conference, U.S.A, 2001, ADA410399. 
 
Haddad, T.S.; Phillips, S.H.; Mather, P.T., “Polystyrenes Modified With Silsesquioxanes”, 
American Chemical Society, U.S.A, 2001, ADA410327. 
 
Blanski, R.L.; Phillips, S.H.; Lee, A., “The Preparation and Properties Of Polymer/Nanoparticle 
Blends Using POSS”, 2001 International Symposium On Nanocomposites, U.S.A, 2001, 
ADA410607 
 
Phillips S.H.; T.S. Haddad; Blanski, R.L, “Molecularly Reinforced Polymers (Paper)”, 2001 
International Symposium on Nanocomposites, U.S.A, 2001, ADA409917. 
 
Phillips, S.H.; Haddad, T.S.; Blanski, R.L., “POSS Nanostructured Chemicals: Past & Present”, 
2001 International Symposium on Nanocomposites, U.S.A, 2001, ADA410316. 
 
Blanski, R.L; Phillips, S.H.; Lee, A., “The Preparation and Properties Of Polymer/Nanoparticle 
Blends Using POSS (Viewgraphs)”, 2001 International Symposium On Nanocomposites, U.S.A, 
2001, ADA410906. 
 
Viers, B.D.; Phillips, S.H.; Haddad, T.S., “Basic & Applied Research on Hybrid 
Organic/Inorganic Materials For Propulsion & Space”, American Chemical Society Workshop 
On Organic-Inorganic Hybrids, U.S.A, 2001, ADA410392. 
 
Gonzalez, R. Capt., “Synthesis & In-Situ Atomic Oxygen Erosion Studies Of Space-Survivable 
Hybrid Organic/Inorganic Polyhedral Silsesquioxanes” Ph.D. Dissertation, U.S.A, 2002, 
ADA410101. 
 
Gonzalez, R. Capt., “Synthesis and In-Situ Atomic Oxygen Erosion Studies Of Space-Survivable 
Hybrid Organic/Inorganic Polyhedral Oligomeric Silsesquioxanes,” Ph.D. Dissertation Defense, 
U.S.A, 2002, ADA410323. 
 
Phillips, S.H.; Gonzalez, R. Capt., “Hybrid Inorganic/Organic Reactive Polymers for Severe 
Environment Protection”, National Sampe Symposium, U.S.A, 2002, (Viewgraphs) 
ADA410241, (Paper) ADA410034.   
 
Haddad, T.S..; Viers, B.D., “Organic Polymers Modified With Inorganic Polyhedra”, Canadian 
Society for Chemistry, U.S.A, 2002, ADA410052. 
 
Boatz, J., “Design of New Materials Using Ccm -- Materials by Design CHSSI Portfolio 
(Viewgraphs Only)”, DoD Users Group Conference, U.S.A, 2002, ADA411292. 
 
Moore, B.; Haddad, T.S.; Gonzalez, R. Capt., “POSS Polystyrene Copolymers, Reactivity and 
Control”, POSS Nanotechnology Conference, U.S.A, 2002, ADA407321. 
 



 6

Mabry, J.; Blanski, R.L.; Ruth, P.N.; Gonzalez, Rene Capt., “Fluorinated POSS”, American 
Chemical Society Hybrid Materials Symposium, U.S.A, 2002, ADA417295.   
 
Haddad, T.S.; Moore, B.; Gonzalez, R. Capt, “POSS Polystyrene Copolymers, Reactivity Ratios 
and Control”, American Chemical Society Conference, U.S.A, 2003, ADA417297. 
 
Haddad, T.S.; Gonzalez, R. Capt, “Organic Polymers Modified With Inorganic Polyhedra”, 
American Chemical Society Conference, U.S.A, 2003, ADA417290. 
 
Gonzalez, R. Capt.., “Review of POSS Effects on Polymers and the Future 6.1 Research 
Direction Of The POSS PWG”, AFOSR Review For Dr. Charles Y-C Lee, Lab Visitors And 
Scientists, U.S.A, 2003, ADA414885. 
 
Phillips, S.H., “T2 Success Within The Material Applications Branch Of AFRL's Propulsion 
Directorate”, National Symposium Federal Consortium, U.S.A, 2003, ADA415290. 
 
Gonzalez, R. Capt.; Tomczak, S.J; Hoflund, G.B; Minton, T.K.; Burnsville, A., “Synthesis and 
Atomic Oxygen Erosion Testing Of Space-Survivable POSS (Polyhedral Oligomeric 
Silsesquioxane) Polymides”, 9th International Conf. On Materials in A Space Environment, 
U.S.A, 2003, ADA416441. 
 
Largo, S.R.; Haddad, T.S.; Gonzalez, R.; Schlaefer, C., “The Specific Refractive Index 
Increment for Isobutyl POSS-Polystyrene Copolymers”, American Chemical Society, U.S.A, 
2003, ADA419049.   
 
Moore, B.M.; Haddad, T.S; Gonzalez, R..; Schlaefer, C., “Reactivity Ratios of Isobutyl POSS-
Styrene and Styrene Monomers”, American Chemical Society, U.S.A, 2003. 
 
Haddad, T.S.; Baker, E.S.; Gidden, J.; Anderson, S.E.; Bowers, M.T., “Gas Phase Structural 
Characterization of Polyhedral Oligomeric Silsesquioxanes (POSS) With Styryl Phenyl Capping 
Agents”, U.S.A, 2004, ADA422679.  
 
Phillips, S.H.; Haddad, T.S.; Tomczak, S.J., “Developments in Nanoscience: Polyhedral 
Oligomeric Silsesquioxane (POSS)-Polymers”, International Journal- Current Opinions in Solid 
State and Material Science, U.S.A, 2004, ADA422636. 
 
Mabry, J.; Marchant, D.; Viers, B.D.; Ruth, P.N.; Barker, S.; Schlaefer, C.E.., “Fluorpolymer 
Property Enhancement Via Incorporation Of Fluorinated Polyhedral Oligomeric 
Silsesquioxanes”, Sampe, U.S.A, 2004, ADA425526. 
 
Moore, B. M.; Haddad, T.S; Gonzalez, R. Capt..; Schlaefer, C., “Reactivity Ratios of Isobutyl 
POSS-Styrene and Styrene Monomers”, American Chemical Society, U.S.A, 2004, ADA422517. 
 
Largo, S.R.; Haddad, T.S..; Schlaefer, C., Gonzales, R. Capt., “The Specific Refractive Index 
Increments for POSS Polymers in Solution”, American Chemical Society, U.S.A, 2004, 
ADA422519. 



 7

 
Mabry, J.M.; Weber, W.P.,” Preparation of Benzophenone Modified Poly (Dimethylsiloxane) 
Thermosets”, American Chemical Society, U.S.A, 2004, ADA422515.   
 
Fu, B.X.; Haddad, T.S.; Lee, A., “Styrene-Butadiene-Styrene Tri-Block Copolymers Modified 
With Polyhedral Oligomeric Silsesquioxanes”, American Chemical Society Journal, 
"Macromolecules", U.S.A, 2004, ADA422626. 
 
Mabry, J; Vij, A.; Marchant, D.; Schlaefer, C.; Viers, B.D., “Fluorinated Polyhedral Oligomeric 
Silsesquioxanes (FluoroPOSS)”, American Chemical Society Meeting, U.S.A, 2004, 
ADA422508 . 
 
Mabry, J.; Vij, A., “Self Assembly of Ultrahydrophobic "Teflon Mimicking: Fluorinated 
Polyhedral Oligomeric Silsesquioxanes POSS Nano Columns”, 14th European Symposium on 
Fluorine Chemistry, U.S.A, 2004, ADA424465.   
 
Svejda, S.A., “2004 AFOSR Annual Task Report”, Annual Report to AFOSR PM On In-House 
6.1 Work, Edwards, CA, 2004. 



This Page Intentionally Left Blank 

 



 

AFRL-PR-ED-TR-2005-0027 
Primary Distribution of this Report:  

AFRL/PRSM   (3 CD + 2 HC) 
Steven A. Svejda 
9 Antares Road 
Edwards AFB CA  93524-7401 

 

AFRL/PR Technical Library (2 CD + 1 HC) 
6 Draco Drive 
Edwards AFB CA  93524-7130 

 

Chemical Propulsion Information Agency (1 CD) 
Attn:  Tech Lib (Dottie Becker) 
10630 Little Patuxent Parkway, Suite 202 
Columbia MD 21044-3200 

 

Defense Technical Information Center  
(1 Electronic Submission via STINT) 
Attn:  DTIC-ACQS (Pat Mawby) 
8725 John J. Kingman Road, Suite 94 
Ft. Belvoir VA 22060-6218 

 

AFRL/PROI  (1 CD + 1 HC) 
Ranney Adams 
2 Draco Drive 
Edwards AFB CA  93524 

 

  

  

  


